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(54) SYNCHRONOUS DC-TO-DC CONVERTER 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a synchronous DC-to-DC converter of 
relatively a simple circuit constitution and moreover is possible of high-speed 



SOLUTION: When a main switching element 1 is turned on, the signal of a logical 
value 'high' is outputted from a fourth comparator 18, and an RSFF (set reset flip flop) 
22 is reset, and the gate of a switching element 6 for commutation is put in such a 
condition that the logical value is low, so that the switching element 6 for commutation 
is turned off. On the other hand, when the main switching element 1 is tiu-ned off, the 
signal of the logical value which is high is outputted from a third comparator 17, and 
the RSFF 22 is set, and the gate of the switching element 6 for commutation is put in 
such condition that the logical value is high, so the switching element 6 for 
commutation is turned off, and the main switching element 1 and the switching 
element 6 for commutation are alternately turned on and turned off. 



operation. 
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(54) SWITCHING POWER-SUPPLY APPARATUS 
(57)Abstract: 

PURPOSE- To stabilize output voltage independent of a fluctuation in output current. 
CONSTITUTION- An AC component is taken out from the output of a first smoothing 
circuit 3, and a CD component is taken out from the output of a second smoothing 
circuit 4. The AC component and the DC component are added by feedback gain 
resistances 5, 8, and fed back to a control circuit 2. Thereby, a final output voltage can 
be reflected in a control operation. 
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tmm 3 2tciaig*n53ja5ttE«s lESM^f'T*- 

K (H3atfH4tCfel.NT roij tSIB) 3 3t¥5i 
ffl3VxV1t (H3RtfH4lCtel^Ttt rcu tm. 
12) 3 4lcJ:-3Tfi35U ffi^ffi? 3 56^6ft?S (03 

stfla4^c£l^T^* tloadj tSE) setcm^Df 

[0 0 0 3] f-LT» C©#l^ailSlODC/DC3>/? 
-^»Tttx ai^«g?3 5t7-^t©H»!:S9JlcSf8l* 

nrcstnss (Igi3»ifigi4ic£ix7tt TRu ^age) 
iitmm (ia3Ktfisi4ic£txT» rR2j 

E) 3 8<0«fi?jili6^6a*BElc«JS-rS±*#Ot'>t) 
•!J>5»E11Efi'^ 6*1. JI ©«E«Efl«3 >/ « U- ^1 3 
9 ic J: ^ TS^SE V s t ik«* tlS * -5 IC«: ^ Tt'' 

■&.<jm^^m^t^mm (E3SlfE4^cfe^^T^* 

rosCj tSE) 4 1©ai*<!:!ti«3>/^U-4'4 2»c 
<k^>Tlk«*tU Cfl!)U>/<l/-^»4 2©ltl«g«»CS 

•^t^T. ±x-<«yf-v^^a^^3 1 my • *7*'jffli*n 
scttcj:^. ffi^«?3 5*>6m^©iiEic$«*n 

[00 04] #|^i!©DC/DCa>/<-4r7H:, i 
X-<yf^>^''S?3 1 fi<*7ttffi©i:$ic. □'ril/3 2 
OA^ffiHtt. e3M^f-r*-K3 3«^LT»i6*n 
^(DIS. =l'r/l/3 2(0AAffl». SljS^rtlfcS^tlt 

SllSlCti. iE35«^f'f:i— K3 3(DJl*lRltCi5tt5aE 

*<Ofci&. »I^SlODC/DC3V/^-^tt» 
SES5ffl^f-<*- K3 3lcaEi;5«EeT©«/cltv I"'*) 

fc. 

[0 0 0 51 ^-cT*. Jb^ft^sras^^pafu la^ass 
ii.mm^mi.Tii^mm.<f>oQ/x>Q^yn-^tm 

S^nTt''*. COI^fflSDC/DCaV/^-^Hi. « 
^¥'<^- K3 3 iM^JtCffim^ft. li*(SlllE««lS 
SSffl^f'T*- K 3 3 J: y <tfit^<5aMO^-f •> 
? (H4^c^^,^T rQ2j tSE) 4 3*ffiilTt"'S. 



(04lCi5t^T« TLOGj tSIB) 4 41C 

[0006] 

<Dl^aBS<0DC/DC3V/^-^iT*tt. U'J'Vf?^^,^ 
f^V^^»?-4 3*SE5tC:j->«*7*ttTl^5ii«. CO 10 

a-:;y^^iatt4 4()!)»ft±. 4X-f yy>^«?3 1 1 

l£3ttfflOX-l' y^V^«?4 3fi«. l^mc*>«Jgi:3S: 

C/DCaV/t-^KiJU^T. ±X-fy^V^^31 

t^-3MO^'f''yf-V^«?4 3 6\ I^i^lc:d->ttl8t 
SSi:. i^-fyf^V^^^^^S 1 om^fflKDUffiV c c 
i»\ ■?■©$$g3MOX-<•y^>^f«?4 3«/^LT7 
-X«HCSittlTL$L\ C020<)!)X'f'y^V^'^jR?3 

1, 4 3(Deif^!E)^s4s-rsjsi^@0!>s. \h-nws.mm 

[0 0 0 71 ^-CTv ±X'r«yf^>^^JR?3 1 tSEailffl 

«i»<*fc»icv se«ttv mx\ii. □-:?<y^iHiffi4 4icj5 

t'Ts %tiS84i(0fi)ff@%ftJ:>Jt.S3«/<;u;^(cJ: 

t^J: 5 ft -< A->-^ VXSftrtf « J: 3 Jc-rs C 1 1 

[0 0 0 8] Li^U C©J:3tc. «SS4 1 ©ijf^JS 30 

*«T» iXY'>9^>^g?3 1 tiiaftffliDX'r'y^v 
^^ig?4 3!{)\ i^isit:i-vttSltft«4"r5>^^ib^*L: 
ftt^ J: -5 ft ^"f i»->-'>->X«f^;«-r -5 J: d fc«|j«Lfc 
lBl!S<Dm2j(«iS&ftUSB<0SflS«{b«« 

lsl8&(Dnailf^tt(cl9lllti(£r^^t^'» 

«rLl>Ka^«^UTt''5« 40 

[0 0 0 9] *mmt. ±Bm^iii&9i-Tmntz'b(o 
ftUfflSOD c/D c 3>/^— s»«is«-r5ir aw 

% C ^ £(ft J: d (cpi iST^Diif^^ 'T s v^icsei^n 
« Si»t« * 3 ft -fUiz-^yT.^^t^ J: 5 ftla]»% 

effifti^fflSoD c/D c □ w^-^sffiw-rsc ttc 

50 
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[00 10] 

5llflBSDC/DCa>/^-*«. A^«8d:m^^i:0 

-xt<f>mic^^7.^'yf-y<rst^ifWiif<=>tu 

S'j8Pr*«s3M:^'f f^>-y«^*ij{ii#a€ft«i LTft 
[00 11] itic. issMx-r-y^v^^^sjisp^a 

E«2o<Daft%«s(c»st-%a]Afl95^E#s^. m 
»E#sicj:y^i6nrc2oo«EaE©rt. SEfiio 

ai^-3^<):>^EQE^:«itlSr%l6l(Dlt«»S^. litIB 
A^ffi9»E#S»c«J: y ^6nfc»EaEtt}iBta^iffl» 
E#S»cJ:y^6ftrc2O0»E!lE0rt. ISEffliDfi 
t^fl!l«(D5^E1iE^%tt<S-r«m20[>ti:«88^. MIB^ 

MfBS2(OiMSS©ia?3fl^lcj:y y-tr-y h«9lt* 

tis mttm^miEmm7.^'yf-y<rm^03mi!fi&m 

^cffl^.^6tl«■b•y h • y-bv h^U "yyTPv^tsa 
«i LTft ^^06^»iiT'»5o 
[0 0 12] 6^6^*«|»^^^:fcl^T^*. a-ryUOA^fflllS 

tfta^fli!icD«E«. •€-n^'nA^ffl!i«E#atia^fiy» 

EmcJ:y«^aiU SlKtF%20!)ifcn8S(c<i:%^n 
6©»ESE(0iktMSS»i:S-:Jt>T. I- • y-b-y h 

7 y u y y^ft LTeaii«;^-f -y ^f-y^m-m 

iX>r-yf^>^S?^6^*>tt88i:ft5i:, H'i';U©A^ 
ffl!l©»EllEfl«. n-<iWOai^«J©»EBEJ:yt.*i: 

ft««fe5t£0»safi«a^#nTtey. sioa 

tl«*5JCft^Tt>*. cnicj:y. ii-y h . y-b'y h 
7y'yy7P'yyii«y-b<y htftiTf^fflLowOfl^ 
fl^eaSfflX'T'y^V^^^ajllD^tlSeS. mimoTs 
^-yf-y^fflt^ii. *7ttl§i:*n5. ^7.-(.y 

'f-y'fn^mym&ti!t^tds^\z\t. ±j&t\m 

tc, lEa5fflOX'f'yf^V^filS?4i«*Vttlli:#ti5«J:3 

icftoTfcys e^. ±x-('y'f-y<fnt^myvttst 

ffilc, iX'r-y^V^^S5?i<«*7«lltft«t*lctt» 
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[00 13] 

mt^om^omm sat. *^ta<om&<mmz-oi^ 
T. Hiat;ia2*#jHL"3-3ittiB-r«. fts, ixtk 

aoC/DCnV/t-^roSl ©S»«lrf^«!l^c•Pt^TH 

y^fn^ m 1 stfH2 ^cfc^,^T^* rq i j taiB) i 

tt, Nf^-\'>*;UMOS FET h5>v>X^'tffflL"'6 

tiTc^*, c<o±;^'ry^v^^«?i<offi:>3fiy(ctt, □ 

'TiU (l^|1^^CfBI2|C£t^T» TLU ^SIB) 2tl(S 

LTfi® (iaisi;ia2tcfet>T» tloadj tm 20 

[0 0 141 ^tc. H'T/U 2 ©A^3<IJK«. g3M^f-f 
*-K (E1Sa=EI2lCfct^T« TDU tmU) 5(0 

* y- mt. feSMx-r yf-xfrn^f- m 1 stf h 2 

ICtetNTtt rQ2j taiB) 6(D-«ttf. 

MOS FET h7Vv'X^«fi«fflL>6nTL>5o 

ic. zi-<iU2©ai^<ilic«. ¥7tffia)n>x>t>- (01 30 
stfEl2^cfeo^T^* rcij taiB) mti 

tbrnnciminrcis 1 <DSstss m 1 :&tf@ 2 (c^ln 

Tit TRU ^aS) 8^m2(Dfi$t§g (@i»i;@2 

[0 0 15] mi(D»«i8l8^%2()9S«i889d:>S£|j£i 
tt. S 1 ©a>/tU-^» 1 0©5IEA^«?fc««|* 40 

tu co«i ©av/ti^-^i 1 oo»fieA^i«S?tc 
mmoymmnEwsifmittiT^v. mtsm-3 
{cfctt^ai^aEo*** (c«fSLfc® 1 »tfm2©s 

t2*tu *<7)it«e*i\ m20a>/<u-^n 3<ofi 

/<U-^rl3lis ^•<Dia^«?6^±X'r'yf^V^^S?1 
» roSCj tmSi 1 2(Dtl]AStf»li;!rnT£»J, 50 



S2©3V/<U-^J1 3<0lktae«JcS'St^T. ±;^-f 

[0 0 16] tav. JMLtcm^&Wt. S*M(C 

l536fflX'r<yf->'ya^*jai|=IK1 4««i?lTl>.5o r 
ftt)^. f5SMX'fy9^>^^i!l?{6iJ8PiaK1 4tt. a-T 
/I/ 2 <DAA1ll<)!)QE««^tl]-r %fc»S$>Jlc8Ng;rn/-cA 

tsm^E^mm^t^m 3 ©srss o 1 mm 2 tc 

rR3j tmB) 1 5^m40fim8S (BIIS 
tfia2tCfcO^Ttt TRAJ taiB) 1 6*«i7lTfiy. 
msOfitJiSI 5©-«tt. 3-l';b2©A*ffl!HC»«* 

[00 17] ^-LT. mSOSfiiffil 5tm40!)g«i88 

Bwicssi* nfcm 5 ©atsts (e 1 mm 2 tcfet>T 
li TRsj tmm) 1 9t. m6©«fii88 mimm 
2(cfi(,^T» rR6j 2 0^. moissm 

(H^StfE2(Cfet^Ttt rR7j tSIB) 2ii:fi«{i 

istiTfey. msoactsi 9®-«i3t>«a-f;i/20ffl 

tnmts mi©tfc®si:LT<Dm3on>/\°u-^n 7 
tm7<mm2^<l>im^^t. m2oiamtLT<f3 

S4fl!)a>;<U-^ 1 8©EIEA*^S?teSNS*nTL'' 
[0 0 18] «fc. »3<l!)a>/<U-4ti 70!)Ui^^ 

h7'J'y77P'>:>' (JWT TRSFFj 2 2© 

•b'y h«?tSf«*ns-^. m4<!!)3V/\°U-4H 8 
oai*«?tt. R S F F 2 2©'J-tr-y h*g?»C^*n 
Tt"*. LT. R S F F 2 2<Dm^ffi?»v lESM 

x-<y9^v^^iR?6oy-nc«etrnTfey. cor 

SFF2 2©ia*lci6i;T. e3WX-fy^>^fiR?6 
• ^7SEl!l^•^l«J:•5^c«:oTt^«. 

[0 0 19] mz. ±mimzm^Slmzol^Tm^ 
^^mLo-osmtio ±x-r')/9^v^fis?itf 

*V#n«i:. □•f;U2©A*«aOAii5iOffiE«:. A* 
jSiOISKit. :i-fi\^2a)\^mo)nEi^\iit^rctt>iz 

S(tenfcm3Kcfm40!}SSisi s. i eicjc^r^ 

EtrtU «:n60!>%3SCf$4(Dffin8l1 5. 1 eoM 



15,1 6©S$tittcJ:oTS$-5»E«fftf^i;*. 

coim3^xfm4o^Witiil»^ 5. 1 eomm^ic^ctz 

[0 0 2 0] C®li^, □'f;U2©lB*ffl|(D«BE 

-^-LTv co!)a'r;U2<oaj^{W 
ODOEli, « 5 7!iMS 7 ©SCtS 1 9 ~ 2 He J: U «E 10 

;^tu msstmeofieiffil 9, loomniSAzm 

£ 6 RXfm 7 (OSSiSS 2 0.21 OD^jj^iC^nt^ 
»EBEfl««4<D3V/<U-4ri 8<DfilEA*ffl?^. 
^•tif tiaiDD* *15 C <!: t S5o 
[00 2 1] CCT. $tOS3at;il4®gttS1 5. 
1 6(CJ:^»SQE6\ m5»VM6(DS£i8g1 9. 2 
0<i!>8^(c£(t%»EaEJ:Ut>*^«:%J:7lc. C 
n5IB3StfS4<Dfitt8S1 5, 1 SMWcmSTiSm 
7 ©SSig 1 9 ~ 2 1 OS«6ifilfi«^«&SS#*lTt^4 20 

□>/<u-4«i 7, 1 8ic9]iipi-n5i> m3<oa>/t 

U— 5H 7!b^6tt. ISSfflLowtC«JS1-«ai?3ffi^ 
6^ S403y/tU-^i 1 86^6tt, KSfilH i g htC 

[0022] ^-ODIgS. RSFF2 2!b^m4(0=l>/<U 
[0 0 2 3] ±X-f'yf^>^^*?14i«*7ttS8i 

;!rn%^s 3'r;i/20:>A:^fig0!>Ajtc!}as». mmif 

'r*-K5©Illl*[^IBEVFjC|^i6^-3TT»-r«o - 

C(353'r/U2©A^fflfl!)AjS®IBEii«lli35riRiaEV 
FtC|^6^-3TT»t-SHtc. □-f;U2©ai?3flaJCfeW-« 

iSEtt. 3'r;U2<of^ffltcj:yA^(ffila)Ai;5<7)mE^<b 
ifett5»Eaffistifm 6 ©fii/tsg 2 0 7 ©sstsg 2 4o 

1 <0SfiiMi(c£(t%^EflE(CttU7IPl£(cffi< 
f-<DeS. «3(DaV/<U-^H 7**6tt. HSfilH i 
g hlc3!f)S-r*ffi^€#4\ m4(Dav/<U-4» 1 86^ 

^*n. RSFF2 20ffi?3Q4i«SafilH i ghOttH 
[0 0 2 41 ±aLfc<fc34±X-<'y^>^^l®* 
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fi$i8S 8 2 ©Stag 9 Oiaiafii©*** n 

«tt^«E6\ ai^«?3fi^6t?54'\m;rn. ±7. 

'r>y^V^^«?16^*70Bs li;&rp]«EVF!{)^«5C 

«BS«icsi«iftitf, ta^nEJi. mi 

Stfm20»ttS88, 9(Cj:»;»E*nfct.©fl«, Si 

<03>/«u-4i 1 o«ofieA^«?icepira*n. 

EVstlt«*n«. ^-LT, C<omiStflB2flMatt 
S88, 9(Cj:%5}EQE6'(etflQEVsj^T<Olg^(C. 

mio)o>fi\y-'9t 1 oA^esisfliH i g hicmr 5 
<i#!Ci«ui**tu ctne«m20!)iiv/tu-^»i 3^ctet^ 

[0 0 2 51 ftfe. a3<)!)aV/<U-^i1 7»tf»4fl!) 

:3yji\y-'9tl 8<DBIfflfcJ:tfA^efflf±. m3StfS 

4(Di&£i8si 5. 1 6mmtfS5j]jmm7<D&mm 9 
~2 1 om^A^ztizjaoTmsmmr^Jitt^T 

[0 0 2 61 mz. «20!}|sI»«lS«9(COtN7ia2«$ 

EOE^nsatstst. m3si;s4©a>/tu-4ti 

7, 1 80!>fci6<O5»EQE«^%fi«i»^<Dim«BI 

[00 2 7] Sf*«ictt, a'r;U2©ai^<il 

^C^>^,^T. □-fil/2<Dtll*ffi!l©^<!:7-Xt<DHtc, 

j«<DB 1 icmt^nrz^mnamizsif^m i 2 (d 

Sta888. 9tm5Jbmm7a>mKS^ 9~2 1 lC«jl 

7. s 8 Titsm 1 1 <ofi«isg 2 3 ~ 2 6 t^Mmmmn 

7t^^. $fc. $8<D»ln8§2 3^%9(D««i8g2 4^ 
S3«)3>/<U— S«17 <D*S<SA^«? 

m9a>fi«t8S2 4^mi oo&tumistomm^ 

4i«Si ©avy^u-^r 1 OOfiCA^^?^. mi 0© 
8^2 5^ai 1<0»litS2 6^(08^ti(S4(03 

yiii^-^ 1 8<oeIbA^«?^ f-n?tiJ8«i#ftT 

[0 0 2 8] ^UT, ctismsnmmi ^(01&1^m2 
3 ~ 2 6 H 1 izm^ntz^^mi&mam 
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fmi«T'lMWLfctll«ftSa>/tU'-^n 0. 17, 

[0 0 2 9] ca}£2a>|sI!Sm«y(C£l''7tt> HIO 
aV/<L/-^ri Ot, »2fl!)aV/tU-4H St. m& 
§g1 2i:ltJ:y±;^'r-v^>^S?i&Jffli#®!b'«S|3S* 
tls SSTbSmi ia)g«iS2 3~2 6fCj:y{il^iaE 

[0 0 3 01 ±]^L/j:*»?BOIISS©}BliTtt, 

t,. $fc. F E TiR?i:/«-r'1<— 5i!l?i«ffl*^to* 

fflX-<y^V^jS?6tt. niaOFETig?*E5"JXtt 20 
il5iJX(iM9iJJC««!Lfc«lfigtLTt.J:<» -f-Cli^JC 

[003 1] ;r6ics ±^Lrz*fiB^<om^<oBm-^ 

tt. ix-f y^^V^^i ta-f;U2<)!««MiA(0B 
E. Rt;ai^liE*«mi-r«fc46<D«E#Si:LTs 
taS%fflt^fc6\ F E TOt^t)!*** VSJSSf Jffl LT 
^Er«<t:9««l«^LT<&. I3tt«liif^««%c^£( 

tSSt/K#-5iR?t«ia»^t>^^c»E#«*«lJ« 30 

[0 0 3 2] KaMx-f'v^v^^^^s^isijai-r 

^aEOl.^-rft6^6^6««&-r«J:dlc«jfi8LT'bai\ 



E6^e«iSr5J:5lc«»J§il5J:dicLTt» 
[0 0 3 3] 

Etx lB?3«Ei:J£»-Jl>T*J8p-p#*J:d«:«rttr 

6^o. Bj$i!rf^tfpriE*|Hlj«SODC/DC3>/« 
[|SliiOtR««lttqSl 

si©mi <DiHias«ifi8«ij%5x-ri2i»siT»5. 
[02] ti^ea<j>mi&o>BmizmimmmDc/Dc 

a >/ t-^<D% 2 a)l£l!MfllSin%^-riil!K@T«^. 
[031 «a5©#I^SBSDC/DCllVK-4KDBIS« 

[B4] )M«0!>|£gilliS!DC/DCaV/{-$<DE]!Mi« 

[^<Dlttf»] 

1 -iX-f'yf^V^ig? 

2 •••3'f;U 

1 0-«1<D3>/tU-^r 

1 3- ••S2©a>KU-^« 

1 7"S3©3V/<U-4' 
1 8-S4©II>/<U-^i 
22-RSFF 



[HI] 




